The synthetic utility of water-soluble pyridinophanes 1 and 2 as an efficient two-centre phase-transfer catalyst for N-alkylation of indoles, imidazole, benzimidazole and benzotriazole has been explored. Application of such pyridinophanes for the synthesis of various precyclophanes involving bis-N alkylation is also described.
Synthetic approaches involving phase-transfer catalyst (PTC) are the most important and useful methods in synthetic organic chemistry because of its simple reaction procedure, mild conditions, inexpensive and environmentally as well as eco-friendly reagents, and the ease in scaling up the reaction.
1 Phase-transfer catalysis excels in a very wide range of base-catalysed C/N/S alkylation, 2 etherification, 3 esterification, 4 nucleophilic substitution, 5 dehydrohalogenation, 6 aldol reaction, 7 and oxidation reactions. 8 The catalysts most commonly employed are the quaternary ammonium compounds and macrocyclic polyethers.
Cationic cyclophanes are important members in the cyclophane family, as they can have wide range of applications in anion recognition, 9 metal ion, 10 charge-transfer complexation 11 and to construct supramolecular assembly. 12 The positively charged water-soluble tetraaza[8.1.8.1]paracyclophane accelerated the nucleophilic substitution reactions as well as the Diels-Alder reaction of cyclopentadiene with diethyl fumarate in dioxane-water mixtures. 13 Tabushi and co-workers 14 have reported the synthesis and complete account of 'inclusion-electrostatic' catalytic hydrolysis of aromatic ester by water-soluble positively charged heterocyclophane.
The synthesis of cationic benzimidazolophanes, 15 benzotriazolophanes 16 and pyridinophanes 17 with m-terphenyl and pyridyl building block has been reported from our laboratory. The synthesis of cyclophanes 1, 2, and 3 ( Figure 1 ) have been reported earlier, 14, 15 and their application as phase-transfer catalyst has not been explored. Further, single-crystal X-ray 18 analysis of pyridinophane 1 was carried out recently which reveals the existence of both syn and anti conformers as shown in Figure 2 .
We describe herein the application of dicationic pyridinophanes 1, 2 and 3 as two-centre PTC for the N-alkylation reactions.
In order to test the utility of cationic cyclophanes as PTC for N-alkylation, indoles were chosen as model compounds. Reaction of substituted indoles with benzenesulfonyl chloride in a heterogeneous mixture of benzene and aqueous NaOH (50%) in the presence of catalytic amount of either pyridinophane 1 or 2 gave the corresponding N-alkylated indoles 4a-c in good yields (Table 1) . On account of the very poor solubility of cyclophane 3 in water 19 as well as in usual organic solvents, the cyclophane 3 did not function as PTC. Though cyclophane 3 has structural similarity with pyridinophanes 1 and 2, the enhanced chelation effect and solubility of pyridinophanes 1 and 2 makes them potentially effective phase-transfer catalysts. To further explore the synthetic utility of pyridinophanes 1 and 2 as PTC, N-alkylations of benzimidazole/benzotriazole were carried out with alkyl bromides under PTC condition using aqueous NaOH (25%) solution and acetonitrile in the presence of pyridinophanes 1 or 2 to give the corresponding bis(N-alkylated) benzimidazoles 5a-h/ benzotriazoles 6a-g in good yields. The results obtained are shown in Table 2 . The structure of all the precyclophanes were confirmed by spectral and analytical data and the structure of the few precyclophanes were also confirmed by single crystal X-ray analysis. The ORTEP 18 diagrams of the precyclophanes 5d and 6f are shown in Figure 3 and Figure 4 .
Similarly N-alkylation of imidazole has been carried out under PTC condition using pyridinophanes 1 and 2 as catalyst to give the corresponding bis(N-alkylated) products 7a-e (Table 3) .
In order to compare the activity of the catalyst 1 with conventional PTC, bis(N-alkylation) reactions of benzimidazole/benzotriazole were carried out utilizing tetrabutylammonium bromide (TBAB), and triethylbenzylammonium bromide (TEBAB) as PTC. The results ob- Table 4 . From these results, it is clear that the dicationic pyridinophane promoted the reaction approximately twice as fast as the monoammonium bromides (TBAB and TEBAB). Thus, our experimental result indicated that the two-cationic sites present in the catalyst simultaneously accelerated the reaction. When the above reactions were carried out in the absence of PTC, relatively lesser yield of the bis(N-alkylated) products were observed and the reactions required longer duration of nearly 48-55 hours. [13] [14] [15] In conclusion, we have proved for the first time that dicationic water-soluble pyridinophanes can act as excellent and efficient phase-transfer catalysts. The catalytic activity is enhanced due to the presence of two cationic centres and excellent chelation effect caused by the pyridine moiety. Further, the synthesised precyclophanes are very good building blocks for the construction of cationic cyclophanes. Synthesis of other related di-and tetracationic pyridinophanes and their application as phase-transfer catalyst are under way.
N-Alkylation of Benzimidazole/Benzotriazole/Imidazole under PTC Conditions; General Procedure
To a solution of the appropriate benzimidazole/benzotriazole/imidazole/substituted indole (20 mmol) and 25% aq NaOH (7.5 mL) in benzene or MeCN (100 mL; benzene was used for reactions of indole; MeCN was used for reactions of imidazole/benzimidazole/ benzotriazole), were added the dibromide (10 mmol) and cationic pyridinophane 1/2 (0.1 mmol) and the mixture was vigorously stirred at r.t. The progress of the reaction was monitored by TLC and after completion of the reaction, the mixture was evaporated in vacuo and extracted with CHCl 3 (3 × 100 mL). The combined organic extracts were washed with brine (2 × 50 mL), dried (Na 2 SO 4 ) and the solvent was evaporated in vacuo. The crude product was purified by column chromatography using CHCl 3 -MeOH or hexaneEtOAc solvent mixture (Tables 1-4 ). Two specific examples of the N-alkylated products prepared by the above procedure are given below.
Precyclophane 6e
Benzotriazole (1.19 g, 10 mmol), 1,3-bis(bromomethyl)-5-benzyloxybenzene (1.85 g, 0.5 mmol), pyridinophane 1 (0.03 g, 0.05 mmol), NaOH (7.5 mL, 25%) in MeCN (100 mL) were subjected to the procedure described above at r.t. for 14 h. Purification by column chromatography (SiO 2 ) using hexane-EtOAc (7:3) as eluent gave precyclophane 6e as a white solid; yield: 
Precyclophane 7d
Imidazole (0.68 g, 10 mmol), 1,3-bis(bromomethyl)-5-benzyloxybenzene (1.85 g, 0.5 mmol), pyridinophane 1 (0.03 g, 0.05 mmol), NaOH (7.5 mL, 25%) in MeCN (100 mL) were subjected to the procedure described above at r. 
